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Applicant's or agent's file reference 
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FOR FURTHER sec Notification of Transmittal of International Search Report 
ACTION (Form PCT/IS A/220) as well as, where applicable, item 5 below. 


International application No. 

PCT/DK 01/00069 


International filing date (day I monthly ear) 

31 January 2001 


(Earliest) Priority Date (day; month year) 

31 January 2000 


Applicant 

Leo Pharmaceutical Products Ltd .A/S et al 



This international search report has been prepared by this International Searching Authority and is transmitted to the 
applicant according to Article 18. A copy is being transmitted to the International Bureau. 



This international search report consists of a total of 



sheets. 



| % | It is also accompanied by a copy of each prior art document cited in this report. 



I . Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application 
in the language in which it was filed, unless otherwise indicated under this item. 

□ the international search was carried out on the basis of a translation of the international application furnished 
to this Authority (Rule 23.1 (b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international search was carried out on the basis of the sequence listing: 

| | contained in the international application in written form. 

| | Tiled together with the international application in computer readable form. 

| 1 furnished subsequently to this Authority in written form. 

[ | furnished subsequently to this Authority in computer readable form. 

□ the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed lias been furnished. 

□ the statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

| xl C erta ' n claims were found unsearchable (See Box I). 
| | Unity of invention is lacking (See Box II). 
With regard to the title, 

| | the text is approved as submitted by the applicant. 

| X 1 the tcxt has been established by this Authority to read as follows: 

Use of Vitamin D-derivatives in the treatment of osteoporosis and related bone disorders, as . 
well as novel Vitamin D3-derivatives. 

5. With regard to the abstract, 

| X I the text is approved as submitted by the applicant. 

| | me text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The 
applicant may, within one month from the date of mailing of this international search report, submit 
comments to this Authority. 

6. Th e fig ure of the drawings to be published with the abstract is Figure No. 

| | as suggested by the applicant. 
| | because the applicant failed to suggest a figure. 
[ | because this figure better characterizes the invention. 



| | None of the figures. 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

*■ £<] Claims Nos.: 15-16, 19-20 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. I | Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1 . j^j As all required additional search fees were timely paid by the applicant, this international search report covers all 

searchable claims. 

2. I I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. I I As only some of the required additional search fees were timely paid by the applicant, this international search report 

covers only those claims for which fees were paid, specifically claims Nos. : 



4. I 1 No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



The additional search fees were accompanied by the applicant's protest. 
No protest accompanied the payment of additional search fees. 



Remark on Protest 
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Claims 15-16, 19-20 relate to methods of treatment of the human or 
animal body by surgery or by therapy/ diagnostic methods practised 
on the human or animal body/Rule 39.1. (iv). Nevertheless, a search 
has been executed for these claims. The search has been based on 
the alleged effects of the compounds/compositions. 
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A. CLASSIFICATION OF SUBJECT MATTER 

IPC7: C07C 401/00, A61K 31/593, A61P 19/10 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC7: C07C, A61K, A61P 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 
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Citation of document, with indication, where appropriate, of the relevant passages 
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1-20 



1-20 



| [ Further documents are listed in the continuation of Box C. | xl See P atent family annex. 



* Special categories of cited documents: 

"A* document defining the genera] state of the art which is not considered 

to be of particular relevance 
"E" earlier application or patent but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later than 
the priority date claimed 



*T* later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 
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See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 
PCT/DK00/00069 


International filing date (day/month/year) 
21/02/2000 


Priority date (day/month/year) 
19/02/1999 


International Patent Classification (IPC) or national classification and IPC 
H01B12/08 


Applicant 






NKT RESEARCH CENTER A/S et al. 





1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

S This report is aiso accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see; Rule- 70. 1& and Section 60^ of the Administrative-Instructions under the PCT). 

These annexes consist of a total of 5 sheets. 



3. This report contains indications relating to the following items: 
I S Basis of the report 



II 
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III 
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IV 
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V 




VI 


□ 


VII 
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VIII 





citations and explanations su porting such statement 



Certain observations on the international application 



Date of submission of the demand 
13/09/2000 



Name and mailing address of the international 
preliminary examining authority: 

European Patent Office 
Mrt D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Date of completion of this report 
02.03.2001 



Authorized officer 
Lohberger, S 

Telephone No. +49 89 2399 6723 




Form PCT/I PEA/409 (cover sheet) (January 1994) 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/DK00/00069 

I. Basis of the rep rt 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 17).): 
Description, pages: 

1-3,5-9,12-14 as originally filed 

4,10,11,15,16 as received on 22/01/2001 with letter of 19/01/2001 

Claims, No.: 

1-19 as originally filed 
Drawings, sheets: 

1/3-3/3 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-19 

No: Claims 

Inventive step (IS) Yes: Claims 1-19 

No: Claims 

Industrial applicability (IA) Yes: Claims 1-19 

No: Claims 



2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
s e separate sheet 
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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 



1 . Reference is made to the following document/s/: 

D1: WO-A1 -9639705 
D2: EP-A2-0623937 
D3: US-A-3730966 



2. Claim 1 proposes a cable with three or more conducting layers, wherein the pitch 
angle of the conducting layers increases in steps from layer to layer from the 
radial innermost layer to an intermediate layer and then remains constant or 
decreases from the intermediate layer to the outermost conducting layer. 

This characterizing feature is neither known nor rendered obvious by the cited 
prior art: 

D1 , especially description page 4, line 30 to page 6, line 24, page 20, line 19 to 
page 1 1 , line 19, figures and claims discloses an AC cable as proposed in present 
claim 1 with the difference that D1 only proposes to gradually increase or 
decrease the pitch angle from layer to layer. An increase/decrease or constant 
feature fro the pitch angle is not mentioned in D1. The large pitch variations of D1 
have the drawbacks as already mentioned in present Application on page 2. 

D2, especially description page 5, lines 5 to 9, figures 4 and 5 and claims 
discloses a high TC superconducting cable with several superconducting layers 
around a former and outer insulation. This cable however has no insulation 
between the conducting layers and therefore has a quite different construction 
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than the cable of claim 1 . D2 therefore is not considered to be of relevance fro 
present Application. 

D3, especially description column 2, line 20 to column 3, line 67 , figures and 
claims discloses a cable, wherein in the inner and outer structure the pitch angle 
of the different conducting layers must be the same. This is quite different to that 
what claim 1 intends (step by step increasing or decreasing values). 

Consequently claim 1 is clearly novel under article 33(2) PCT. 

Claim 1 formally seems to fulfil the requirements of article 33(3) PCT as well, 
since the prior art is silent about such special pitch angle arrangement within the 
different conducting layers. Such special arrangement seems to have the 
advantage of low AC-loss and less variations in winding pitch and so results in 
beneficial mechanical properties of the cable. 

This last paragraph is only valid for claim 1 and not for present examples, since 
they do not show this pitch arrangement. 

3. Independent claim 14 relates to a method for constructing a cable like proposed in 
claim 1 and therefore this claim is acceptable for the same reasons as already set 
out for claim 1 . However here again the clarity objection in the light of the 
description must be raised. 

4. Claims 2 to 13 and 15 to 18 are preferred embodiments of claims 1 or 14 and as 
such they fulfil the requirements of article 33(2) and (3) PCT as well. 

5. The use of such an acceptable cable of claim 1 as proposed in claim 1 9 is 
acceptable as well under article 33(2) and (3) PCT for the same reasons as 
already set out for claim 1 . 
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Re Item VIII 

Certain observations on the international application 

1 . The examples of present Application (now page 10, line 21 to page 12, line 26) 
are out of the scope of claim 1 . The examples do not show the feature wherein 
the pitch angle of the conducting layers increases in steps from layer to layer from 
the radial innermost layer to an intermediate layer and then remains constant or 
decreases from the intermediate layer to the outermost conducting layer. 

The Applicant's argumentation with regard to pitch length is not convincing. The 
examiner is well aware of the fact, that claim 1 relates to pitch angles and the 
examples relate to pitch length and that these features are inversely related to 
each other. However the calculation of the pitch angle according to Applicant's 
formula yields e.g. in the example on present page 10, lines 25 to 30 following 
pitch angles for layers 4 to 1 : 

20,8°(layer4), 21,5°, 23,5° and 25,4°(iayer 1). These pitch angles are not in 
accordance with the requirements as set out in claim 1 . 
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A preferred embodiment of the invention of claim 1 
comprises the following features: 

• at least one of said isolating layers has a thickness 
different from the thickness of at least one of the 
other isolating layers, 

• at least one of said conducting layers has a thickness 
different from the thickness of at least one of the 
other conducting layers, 

• at least one of said isolating layers includes 
material which is different from the material of at 
least one of the other isolating layers, or 

• at least one of said conducting layers includes 
material, which is different from the material of at 
least one of the other conducting layers. 



Hereby, a homogenous distribution of the current in the 
cable and thus a reduction of the AC losses in the cable 
is obtained. Even though a cable can be constructed 
having a single of the above-mentioned characteristics, 
two or more characteristics can be combined. Hereby, an 
increased degree of freedom when designing a cable of the 
above-mentioned type is obtained, as the desired 
homogenous distribution of the current in the cable can 
be obtained by varying one or more additional parameters, 
25 i.e. in addition to varying the winding pitches, the 
thickness of the isolating layers, the thickness of the 
conducting layers, the material of the isolating layers 
may be varied, and/or the material of the conducting 
layers may be varied. As a result, the variation in 
30 winding pitches can be reduced whereby further 
improvement of the mechanical properties of the cable is 
obtained. 



In a preferred embodiment at least one of said isolating 
layers is thicker than the radial outermost of the 
neighbouring isolating layers. In another preferred 
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mutually separated by isolating layers 16 and 18 as shown 
in the figure. For example, the isolating layers include 
mylar, polyamide, polyester, paper, polyester imprinted 
paper or semiconductor material, and may also include 
magnetic material . 

In the shown embodiment of a cable according to the 
invention, the isolating layers 16 and 18 varies in 
thickness, that is, the thickness of the isolating layers 
decrease in steps from layer to layer between a first 
value of the radial innermost isolating layer and a 
second value of the radial outermost isolating layer. By 
varying the thickness of the isolating layers of the 
conductor the inductance between the conducting layers is 
varied. By performing a suitable selection of the 
thickness of the individual isolating layers of the cable 
the current will distribute more equally between the 
conducting layers resulting in reduced AC losses. Below, 
examples of cables according to the invention are given. 

An example shows a cable with four non- equidistant layers 
with almost equal winding pitches. The radius given is 
the radius on which a superconducting tape of 0.18 mm 
thickness has to be wound. 



Layer 


1 


2 


3 


4 


Radius/mm 


18.9 


18.65 


18.2 


17.5 


Pitch/mm 


250 


270 


290 


290 



It is noted that the resulting cable has an almost 
homogeneous current distribution in the three outermost 
layers . 



It is further noted that the pitches are rather small and 
almost equal which improves the mechanical (bending) 
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properties of the cable. Differential contraction of 
different layers is minimised. 



One example of a winding pattern in a superconducting 
cable that approximately fulfils the inductance equation 
is shown below. In this case, the first winding (layer 8) 
is made into a diameter of 32 mm. 



Layer 


1 


2 


3 


4 


5 


6 


7 


8 


Pitch/mm 


205 


240 


290 


350 


400 


440 


480 


470 



Mylar type with a thickness of 50 is used as layer 

insulation, and the superconducting tapes are about 0.2 
mm thick. It is noted, that here is a specific pattern in 
the winding pitches - the outer layers have short winding 
pitches, and the inner layer have longer pitches, 
becoming constant for layers 7 and 8. 
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In this embodiment both the thickness of the isolating 
layers and the material of the isolating layers varies 
from layer to layer. As can be seen from the figure, the 
5 thickness of the isolating layers 26, 27 and 28 decrease 
in steps from layer to layer between a first value of the 
radial innermost isolating layer 26 and a second value of 
the radial outermost isolating layer 28. As mentioned, 
the material of the isolating layers can also vary from 
10 layer to layer, and may include magnetic materials. 

It should be noted that the central former of a cable 
according to the invention can be formed of any isolating 
material, conventional conducting material, or 
15 superconducting material depending on the intended use of 
the cable. The described principle of a cable having 
varying thickness of the individual isolating layers can 
also be used on cables without a central former. 



20 



25 



30 



Further, it should be noted that a cable according to the 
invention can include an arbitrary number of conducting 
layers. Likewise, the thickness of the isolating and 
conducting layers and the pitches can be varied 
arbitrarily. 

In another embodiment of the invention one or more of the 
isolating layers consists of a number of layers. Hereby, 
such isolating layers - which may be called multi-layered 
isolating layers - can be composed of different materials 
giving the isolating layer desired mechanical and/or 
electrical characteristics. 



It is further noted, that the desired reduction of the AC 
losses can be reached as a combination of the effect 
35 obtained by the variation of the thickness of the 
isolating layers and/or the isolating material. In 
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addition, pitches of the conducting layers may also be 
varied. 

Although preferred embodiments of the present invention 
have been described and shown, the invention is not 
restricted to those. It may also be embodied in other 
ways within the subject-matter defined in the following 
claims. For example, the same principle can be used in 
multi-core cables, i.e. a cable of the described type can 
be a single core of a multi-core cable having one or more 
of similar cores and/or one or more of state of the art 
cable cores. A cable core may also include a number of 
sub-cores which may or may not have the structure of a 
core according to the invention. As another example, the 
cable can include one or more non-concentric conducting 
and/or isolating layers. Further, one or more of the 
conducting and/or isolating layers can be formed to have 
an arbitrary shape, e.g. oval or approximately oval, 
elliptical or approximately elliptical. 
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j A cable, a method of constructing a cable, and use of a \ 
/ cable 3 



5 The present invention relates to a cable with at least 
one cable core having three or more conducting layers 
which are mutually separated by isolating layers, where 
said conducting layers include electrical conductors 
which are arranged helically . with predetermined pitch 
10 angles, and in particular to an electrical cable with 
reduced AC loss. 

When using electrical power cables it is generally 
desirable to obtain as low power loss as possible. Cables 

15 adapted to have low losses are known from the prior art. 
The prior art discloses AC cables with at least one cable 
core having a number of conducting layers, which are 
mutually separated by isolating layers. The conducting 
layers are normally formed by electrical conductors, 

20 which are arranged helically with predetermined pitch 
angles . 

The innermost conductor which may be of superconducting 
material is normally wound spirally around a central 

25 former and hereby forms a conducting layer. Likewise, the 
other conducting layers which may also be of 
superconducting material are normally wound spirally 
around the isolating layers adapted to separate the 
conducting layers. The number of conducting layers 

30 required depends on the desired use of the cable and on 
the current carrying capability of the tapes used. 

The current distribution between the layers depends on 
the winding pitches, the layer radii, the layer 
35 thickness, and the resistivity of the layers of the 
conductors, as the inductance between the layers depends 
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on the winding pitches . According to the prior art 
pitches are therefore varied from layer to layer in a 
given way. As a result the current will distribute more 
equally between the conducting layers resulting in 
5 reduced AC losses. 

WO 96/39705 discloses a cable with a central carrier body 
around which electrical conductors are arranged helically 
with predetermined pitch angles in at least three 

10 conductor positions. The pitch angles of the conductors 
in the individual conductor positions are selected such 
that they either increase or decrease in steps from 
position to position between a first value of the radial 
innermost conductor position and a second value of the 

15 radial outermost conductor position. 

Even though the AC cables according to the prior art are 
found to be useful, they have the drawback that quite 
large variations of the winding pitches are required in 
20 order to obtain an equal current distribution. 
Furthermore, in practice, it is difficult to produce 
cables with these large variations in pitches. 

The object of the invention is to provide an AC cable 
25 with low AC-loss and which overcome the disadvantages of 
the state of the art cables. 

This object is achieved by a cable with at least one 
cable core having three or more conducting layers which 

30 are mutually separated by isolating layers, where said 
conducting layers include electrical conductors which are 
arranged helically with predetermined pitch angles, in 
which said predefined pitch angles increase in steps from 
layer to layer from the radial innermost conducting layer 

35 to an intermediate conducting layer located between the 
radial innermost conducting layer and the radial 



SUBSTITUTE SHEET (RULE 26) 



WO 00/49626 



PCT/DKOO/00069 



outermost conducting layer, and said predefined pitch 
angles remain substantially constant or decrease in steps 
from layer to layer from said intermediate conducting 
layer to the radial outermost conducting layer. 

Hereby, a homogenous distribution of the current in the 
cable and thus a reduction of the AC losses in the cable 
is obtained. Further, a cable having less variations of 
the winding pitches compared to cables of the prior art 
can be obtained. This is of interest as strongly varying 
pitches lead to differential thermal contraction of the 
different layers during cool-down of the cable. Further, 
small variation of the pitches between the layers is 
desirable as these result in beneficial mechanical 
properties of the cable. 

The invention is based on the fact that the equations to 
be solved in order to design a cable of the above- 
mentioned type having reduced AC losses have been found 
to be very complex and cannot be solved analytically. The 
equations include a plurality of coupled parameters 
making the system difficult to solve, i.e. when varying 
one parameter, one or more other parameters may also be 
affected. When using a simplified model, the relation 
between some parameters can be explained e.g. the 
inductance is found to decrease as the radius of a 
conducting layer is increased, and the self-inductance of 
a conducting layer increases as the pitch angle 
increases. In cables not containing superconductors, 
layer resistance also plays a role. In practice it has 
been found that a homogenous current distribution can be 
obtained over the cross section of a cable of the above- 
mentioned type when designing the cable according to the 
invention, and hereby the above-mentioned advantages are 
obtained. 
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The object of the invention can also be achieved by a 
cable in which: 

o at least one of said isolating layers has a thickness 
different from the thickness of at least one of the 
5 other isolating layers, 

o at least one of said conducting layers has a thickness 
different from the thickness of at least one of the 
other conducting layers, 

o at least one of said isolating layers includes 
0 material which is different from the material of at 

least one of the other isolating layers, or 

o at least one of said conducting layers includes 
material, which is different from the material of at 
least one of the other conducting layers. 

5 

Hereby, a homogenous distribution of the current in the 
cable and thus a reduction of the AC losses in the cable 
is obtained. Even though a cable can be constructed 
having a single of the above-mentioned characteristics, 

0 two or more characteristics can be combined. Hereby, an 
increased degree of freedom when designing a cable of the 
above-mentioned type is obtained, as the desired 
homogenous distribution of the current in the cable can 
be obtained by varying one or more additional parameters, 

5 i.e. in addition to varying the winding pitches, the 
thickness of the isolating layers, the thickness of the 
conducting layers, the material of the isolating layers 
may be varied, and/or the material of the conducting 
layers may be varied. As a result, the variation in 

0 winding pitches can be reduced whereby further 
improvement of the mechanical properties of the cable is 
obtained. 



In a preferred embodiment at least one of said isolating 
layers is thicker than the radial outermost of the 
neighbouring isolating layers. In another preferred 
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embodiment at least one of said conducting layers is 
thicker than the radial outermost of the neighbouring 
conducting layers . 

5 In accordance with a further embodiment said thickness of 
said isolating layers and/or said conducting layers 
decrease in steps from layer to layer between a first 
value of the radial innermost isolating layer and a sec- 
ond value of the radial outermost isolating layer. 



In a preferred embodiment, the resistivity of the 
conducting layer material increases in steps from layer 
to layer from a first value of the radial innermost 
conducting layer to a second value of the radial 
15 outermost conducting layer, i.e. the invention can be 
used in non-superconducting cables. 

In another preferred embodiment that said conductors 
includes super-conducting material, i.e. the invention 
20 can be used in superconducting cables. For example, said 
super-conducting material is high-T c super-conducting 
material . 

The invention also relates to a method of producing a 
25 cable of the above-mentioned type. 

The present invention further relates to the use of a 
cable according to the invention as a power cable. 

30 The present invention will now be described more fully 
with reference to the drawings, in which 

Figu£^l shows a schematic cross section view of the 



current carrying part of a cable according to the prior 
35 art, 



10 
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Figure 2 __ illustrates a first embodiment of the current 
carrying part of a cable according to the invention, 

F igure 3 illustrates a second embodiment of the current 
carrying part of a cable according to the invention, 

Figure_4^ illustrates a third embodiment of the current 
carrying part of a cable according to the invention, and 

Figure__5 illustrates the winding pitch and the pitch 
angle of a conductor in a conducting layer of an 
electrical cable. 

Generally, it is desirable to obtain as low power loss as 
possible in electrical cables, e.g. when the cable is 
used as an AC power cable, e.g. an underground cable, or 
an overhead power line, e.g. as power lines for 
electrically driving vehicles such as trains. 

The prior art discloses cables with at least one cable 
core having a number of conducting layers which are 
mutually separated by isolating layers, resistive layers, 
or reduced electrical contact surfaces. The term 
isolating layer shall be read as isolating layers, 
resistive layers, or reduced electrical contact surfaces 
in this context. The conducting layers are normally 
formed by electrical conductors which are arranged 
helically with predetermined pitch angles. 

Figure 1 is a cross section view of a cable 1 according 
to the prior art and illustrates the structure of the 
cable' 1. The cable 1 includes a central former 2 around 
which an electrical conductor is arranged helically with 
a predetermined pitch angle. The conductor hereby forms a 
conducting layer 3 which is adapted to carry an 
electrical current in the cable 1. 
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As can be seen from the figure, the shown cable 1 
includes four conducting layers 3, 6, 9 and 12. The 
conducting layers are mutually separated by so-called 
5 isolating layers 5, 8 and 11, i.e. conducting layers 3 
and 6 are separated by the isolating layer 5, conducting 
layer 6 and 9 are separated by the isolating layer 8, and 
so forth. The isolating layers have a given constant or 
an approximately constant thickness. 

10 

The other conducting layers 6, 9 and 12 also include 
conductors which are wound spirally around the isolating 
layers adapted to separate the conducting layer. The 
number of conducting layers in the cable depends on the 
15 desired use of the cable and on the current carrying 
capability of the tapes used. 

The winding pitch and the pitch angle of a conductor in a 
cable is illustrated in Figure 5. The figure shows a 

20 cable 501 including a number of layers which is 
illustrated by the view to the left in the figure. To the 
right, the same cable 501 is shown. A conductor 502, 
which is wound around a given layer in the cable, is also 
shown in the figure. The conductor 502 illustrates a 

25 conductor in a conducting layer of the cable 501. In the 
figure WP shows the winding pitch of the conductor, i.e. 
the distance from the start to the end of a single 
winding, and the pitch angle. 

30 The current distribution between the layers depends on 
the variation of the winding pitches of the conductors as 
the inductance between the layers depends on the winding 
pitches. According to the prior art the pitches are 
therefore varied from layer to layer in the following. 

35 The pitch angles of the conductors in the conducting 
layers 3, 6, and 9 and 12 all have a given different 
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value which is selected such that they either increase or 
decrease in steps from layer to layer between a first 
value of the radial innermost conducting layer, i.e. 
conducting layer 3, and a second value of the radial 
5 outermost conducting layer, i.e. conducting layer 9 . As a 
result the current will distribute more equally between 
the individual conducting layers resulting in reduced AC 
losses compared to the losses in a similar known cable 
having an equal or approximately equal pitch in all 
10 layers. 

According to the invention the layer radii and/or the 
materials of the isolating layers or conductive layers is 
selected in to fulfil (at least approximately) the 
15 following inductance equation: 

at A, Aj J 

Where is an inductance matrix, and V ± and I t are the 

layer voltage and current, and At is the layer cross 

20 sectional area. By definition all the V ± are identical 
(the layers are in parallel) . As indicated it is 
desirable to achieve a cable in which I ± /A L are also 
identical. In practice, this is achieved by varying the 
winding pitches of the conducting layers and/or the layer 

25 radii and/or the materials of the isolating layers. Some 
examples are given below. 

It is noted that the high AC loss of the cables having 
approximately equal pitch in all layers is due to the 
fact that the current concentrates in the outer layers of 
30 the cable. This leads to losses that are virtually 
identical to the ones found in a solid tube conductor of 
the dimensions of the cable. 
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The drawback of cables according to the prior art is the 
quite large variations of winding pitches which are 
required to obtain a desired equalization of the current 
distribution. Cables having these large pitch variations 
are often technically unrealisable . In addition, strongly 
varying pitches may not be desirable as they lead to 
differential thermal contraction of the different layers 
during cool-down or warm-up of the cable. Further, small 
variation of the pitches between the layers as well as 
small pitches are desirable as these result in beneficial 
mechanical properties of the cable. 



According to the invention, the pitch angles of the 
electrical conductors in the conducting layers are varied 

15 in the following way. The value of the pitch angles 
increases in steps from layer to layer between a first 
value in the radial innermost conducting layer to a 
second value in an intermediate conducting layer. The 
intermediate conducting layer is a conducting layer 

20 located between the radial innermost of the conducting 
layers and the radial outermost of the conducting layers. 
Furthermore, the value of the pitch angles decreases or 
remains substantially constant from layer to layer 
between the second value in the intermediate conducting 

25 layer and a third value in the outermost of the 
conducting layers. The variation in pitch angles are not 
illustrated in a separate figure, but when referring to 
figure 1, the innermost conducting layer and the 
outermost conducting layer are denoted 3 and 12, 

30 respectively. The intermediate layer may be the 
conducting layer 6 or the conducting layer 9. 



Figure 2 illustrates another embodiment of a cable 
according to the invention. The figure is a cross section 
view of a cable 15 having a central former 2 and three 
conducting layers 3, 6 and 9. The conducting layers are 
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mutually separated by isolating layers 16 and 18 as shown 
in the figure. For example, the isolating layers include 
mylar, polyamide, polyester, paper, polyester imprinted 
paper or semiconductor material, and may also include 
5 magnetic material. 



In the shown embodiment of a cable according to the 
invention, the isolating layers 16 and 18 varies in 
thickness, that is, the thickness of the isolating layers 

10 decrease in steps from layer to layer between a first 
value of the radial innermost isolating layer and a 
second value of the radial outermost isolating layer. By 
varying the thickness of the isolating layers of the 
conductor the inductance between the conducting layers 

15 are varied. By performing a suitable selection of the 
thickness of the individual isolating layers of the cable 
the current will distribute more equally between the 
conducting layers resulting in reduced AC losses. Below, 
two examples of cables according to the invention are 

20 given. 



25 



30 



In a first example the cable consists of 8 conducting 
layers. The central former has an outer diameter of 35 
mm, and the thickness for the superconducting tape with 
insulation is 0.23 mm. In the shown example, Bi2223 is 
used as superconducting material and mylar is used as the 
isolating material. The winding pitches are as follows. 
It is noted that negative pitches denote opposite winding 
directions of the conductor. 



Layer 


1 


2 


3 


4 


5 


6 


7 


8 


Radius/mm 


19,23 


19,00 


18,77 


18,54 


18,19 


17,96 


17,73 


17,50 


Pitch/mm 


150 


215 


340 


740 


-900 


-335 


-220 


-180 



The thickness of the four innermost layers is constant 
and of the four outermost layers is constant. However, 
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there has to be a gap of 0.12 mm between layers 4 and 5 
in order to achieve equal currents in each layer and thus 
lowest losses at the critical current . 

5 A second example shows a cable with four non-equidistant 
layers with almost equal winding pitches. The radius 
given is the radius on which a superconducting tape of 
0.18 mm thickness has to be wound. 



Layer 


1 


2 


3 


4 


Radius/mm 


18.9 


18.65 


18.2 


17.5 


Pitch/mm 


250 


270 


290 


290 



It is noted that the resulting cable has an almost 
homogeneous current distribution in the three outermost 
layers . 

It is further noted that the pitches are rather small and 
almost equal which improves the mechanical (bending) 
properties of the cable. Differential contraction of 
different layers is minimised. 

One example of a winding pattern in a superconducting 
cable that approximately fulfils the inductance equation 
is shown below. In this case, the first winding (layer 8) 
is made into a diameter of 32 mm. 



Layer 


1 


2 


3 


4 


5 


6 


7 


8 


Pitch/mm 


205 


240 


290 


350 


400 


440 


480 


470 



Mylar type with a thickness of 50 jam is used as layer 
insulation, and the superconducting tapes are about 0.2 
mm thick. It is noted, that here is a specific pattern in 
the winding pitches - the outer layers have short winding 
pitches, and the inner layer have longer pitches, 
becoming constant for layers 7 and 8. 
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Another example is shown below for a four layer cable 
with a central body. The central body is made from 
aluminium, and the layers consist of tightly wound copper 
5 tapes with for example Mylar inter-layer insulation of 
0.05 mm thickness. 



Layer 


1 


2 


3 


4 


5 


Material 


Cu 


Cu 


Cu 


Cu 


Al 


Outer diameter/min 


51.0 


43.9 


36.8 


29.6 


21,8 


Pitch/mm 


180 


300 


700 


700 


CO 



The same kind of trend in the winding pattern is visible 
10 as in the superconducting cable - the outer layers have 
short winding pitches, i.e. large pitch angles, and the 
inner layers have longer winding pitches, i.e. shorter 
pitch angles. It is noted that in this cable the layer 
thickness of the conducting layer decrease from the 
15 inside to the outside. Another example of a copper cable 
is given below. In this case the outer diameter of the 
cable is 51 mm, and the body diameter is 21.8 mm - just 
like in the above-mentioned example. The conductor layer 
thickness is approximately constant. It is noted that the 
20 symbol "oo M in the table indicates that the given 
conducting layer is solid. 



Layer 


1 


2 


3 


4 


5 


6 


7 


8 


Material 


Cu 


Cu 


Cu 


Cu 


Cu 


Cu 


Cu 


Cu 


Pitch/mm 


150 


190 


250 


400 


500 


600 


600 


CO 



Again, the pattern of the winding pitches follows the 

same trends as seen before - short pitches on the 

outside, and long pitches on the inside layers. The 

values of the pitches have been adjusted to account for 

the dimensions and the resistive component in the 



SUBSTITUTE SHEET (RULE 26) 



WO 00/49626 



PCT/DK00/00069 



13 

inductance equation, which is again approximately 
fulfilled. 



A further improvement of the mechanical properties 
5 (torsional strength) of the cable can be achieved when 
the conductors of at least one of said conducting layers 
have reverse winding direction in respect to the 
conductors of at least one of the neighbouring conducting 
layers . 

10 

As was seen above the variation of thickness of the 
isolating layers can be combined by a variation of pitch 
angle of the conducting layers, a well as a variation of 
the thickness of the conducting layers and/or their 
15 material. 



It is noted that the conductors may include high-T c 
superconducting materials, e.g. Y-Ba-Cu-O or (Bi,Pb)-Sr- 
Ca-Cu-O. The conductors may also include low-T c 
20 superconducting materials, e.g. Nb-based superconducting 
materials. Or, the conductors may be conventional 
conductors. It is further noted that the conductor may be 
formed as tapes, e.g. multi-filament superconducting 
tapes . 

25 

Figure 3 illustrates a further embodiment of a cable 
according to the invention. The figure shows a cross 
section view of a cable 20 which include a central former 
2 and four conducting layers 3, 6, 9 and 12. The 
30 conducting layers are mutually separated by a first 
isolating layer 21, a second isolating layer 22, and a 
third 'isolating layer 23; see Figure 3. 

In the shown embodiment the isolating layers all have the 
35 same thickness, but in contrast to the prior art cable 
shown in figure 1, the material of the isolating layers 
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can vary from layer to layer, i.e. the first, second and 
third isolation layers 21, 22, 24 consist of a first, 
second and third isolating material, respectively. 
Magnetic materials may be included in some, but not all 
5 layers. 



According to the invention the materials of the isolating 
layers are selected in accordance with their magnetical 
properties . As mentioned previously, a plurality of 

10 effects have influence on the current distribution in the 
cable, and according to the invention the magnetical 
properties of the isolating layers have been found to be 
one of these. The magnetical susceptibility of the 
isolating layer separating two conducting layers effects 

15 the mutual inductance between the conducting layers. The 
influence of the magnetical properties of the isolating 
layers can be explained using a simplified model. In 
general, the mutual inductance decreases as the 
magnetically susceptibility increases . Therefore, the 

20 current distribution between the conducting layers of a 
cable can be adjusted by selecting the materials of the 
isolating layers properly, i.e. an even current 
distribution and hereby a reduced AC loss can be 
obtained. In one embodiment, the magnetical 

25 susceptibility of the isolating layers vary in steps from 
layer to layer, e.g. from a first value of the innermost 
isolating layer to a second value - higher than the first 
value - of the outermost isolating layer. 

30 Figure 4 illustrates a further embodiment of a cable 
according to the invention. The figure shows a cross 
section view of a cable 25 which include a central former 
2 and four conducting layers 3, 6, 9 and 12. The 
conducting layers are mutually separated by a first, 

35 second and third isolating layer 26, 27 and 28; see 
Figure 4 . 
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In this embodiment both the thickness of the isolating 
layers and the material of the isolating layers varies 
from layer to layer. As can be seen from the figure, the 
5 thickness of the isolating layers 26, 27 and 28 decrease 
in steps from layer to layer between a first value of the 
radial innermost isolating layer 2 6 and a second value of 
the radial outermost isolating layer 28. As mentioned, 
the material of the isolating layers can also vary from 
10 layer to layer, and may include magnetic materials. 

It should be noted that the central former of a cable 
according to the invention can be formed of any isolating 
material, conventional conducting material, or 
15 superconducting material depending on the intended use of 
the cable. The described principle of a cable having 
varying thickness of the individual isolating layers can 
also be used on cables without a central former. 

20 Further, it should be noted that a cable according to 
invention can include an arbitrary number of conducting 
layers. Likewise, the thickness of the isolating and 
conducting layers and the pitches can be varied 
arbitrarily. 

25 

In another embodiment of the invention one or more of the 
isolating layers consists of a number of layers. Hereby, 
such isolating layers - which may be called multi-layered 
isolating layers - can be composed of different materials 
30 giving the isolating layer a desired mechanical and/or 
electrical characteristics. 

It is further noted, that the desired reduction of the AC 
losses can be reached as a combination of the effect 
35 obtained by the variation of the thickness of the 
isolating layers and/or the isolating material. In 
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addition, pitches of the conducting layers may also be 
varied. 

Although preferred embodiments of the present invention 
5 have been described and shown, the invention is not 
restricted to those. It may also be embodied in other 
ways within the subject-matter defined in the following 
claims. For example, the same principle can be used in 
multi-core cables, i.e. a cable of the described type can 
0 be a single core of a multi-core cable having one or more 
of similar cores and/or one or more of state of the art 
cable cores. A cable core may also include a number of 
sub-cores which may or may not have structure of a core 
according to the invention. As an other example, the 
5 cable can include one or more non-concentric conducting 
and/or isolating layers. Further, one or more of the 
conducting and/or isolating layers can be formed to have 
an arbitrary shape, e.g. oval or approximately oval, 
elliptical or approximately elliptical. 
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Patent Claims: 



10 



15 



20 



30 



1. A cable with at least one cable core having three or 
more conducting layers which are mutually separated by 
isolating layers, where said conducting layers include 
electrical conductors which are arranged helically with 
predetermined pitch angles, characterized in 
that said predefined pitch angles increase in steps from 
layer to layer from the radial innermost conducting 
layer to an intermediate conducting layer located between 
the radial innermost conducting layer and the radial 
outermost conducting layer, and said predefined pitch 
angles remain substantially constant or decrease in steps 
from layer to layer from said intermediate conducting 
layer to the radial outermost conducting layer. 

2. A cable according to claim 1, characte- 
rized in that a least one of said isolating layers 
has a thickness different from the thickness of at least 
one of the other isolating layers. 



3. A cable according to claim 1 or 2, 
characterized in that at least one of 

25 said conducting layers has a thickness different from the 
thickness of at least one of the other conducting layers. 

4. A cable according to one or more of claims 1-3, 
characterized in that at least one of said 
isolating layers is thicker than the radial outermost of 
the neighbouring isolating layers. 



5. A cable according to one or more of claims 1-4, 
characterized in that at least one of said 
35 conducting layers is thicker than the radial outermost of 
the neighbouring conducting layers. 



SUBSTITUTE SHEET (RULE 26) 



WO 00/49626 



PCT/DK00/00069 



18 



6. A cable according to one or more of claims 1-5, 
characterized in that said thickness of said 
isolating layers decrease in steps from layer to layer 
between a first value of the radial innermost isolating 
layer and a second value of the radial outermost 
isolating layer. 

7. A cable according to one or more of claims 1-6, 
characterized in that said thickness of said 
conducting layers decrease in steps from layer to layer 
between a first value of the radial innermost conducting 
layer and a second value of the radial outermost 
conducting layer. 

8. A cable according to one or more of claims 1-7, 
characterize d in that at least one of 
said isolating layers includes material which is 
different from the material of at least one of the other 
isolating layers. 

9 - A cable according to claim 8, 

characterized in that the magnetical 
susceptibility of the isolating layers varies from layer 
to layer. 

10. A cable according to one or more of the preceding 
claims, characterized in that at least 
one of said conducting layers includes material which is 
different from the material of at least one of the other 
conducting layers. 

11. A cable according to claim 10, charac- 
terized in that the resistivity of the 
conducting layer material increases in steps from layer 
to layer from a first value of the radial innermost 
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counducting layer to a second value of the radial 
outermost conducting layer. 

12. A cable according to one or more of claims 1-10, 
characterized in that said conductors 
includes super-conducting material. 

13. A cable according to claim 12, characte- 
rized in that said super-conducting material is 
high-T c super-conducting material. 

14. A method of constructing a cable with at least one 
cable core having three or more conducting layers which 
are mutually separated by isolating layers, where said 
conducting layers include electrical conductors which are 
arranged helically with predetermined pitch angles 
characterized in that said predefined pitch 
angles are selected to increase in steps from layer to 
layer from the radial innermost conducting layer to an 
intermediate conducting layer located between the radial 
innermost conduction layer and the radial outermost 
conduction layer, and said predefined pitch angles are 
selected to remain substantially constant or decrease in 
steps from layer to layer from said intermediate 
conducting layer to said radial outermost conducting 
layer . 



15. A method according to claim 14, charac- 
terized in that the thickness of at least one of 
said isolating layers is selected to be different from 
the thickness of at least one of the other isolating 
layers . 



16. A method according to claim 14 or 15, 
characterized in that the thickness of 
at least one of said conducting layers is selected to be 
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different from the thickness of at least one of the other 
conducting layers . 

17. A method according to one or more of claims 14-16, 
5 characterized in that the material of at 
least one of said isolating layers is selected to be 
different from the material of at least one of the other 
isolating layers. 

10 18. A method according to one or more of claims 14-17, 
characterized in that the material of at 
least one of said conducting layers is selected to be 
different from the material of at least one of the other 
conducting layers . 

15 

19. Use of cable according to any one of the preceding 
claims as an AC power cable, an overhead line, or a drive 
cable for an electrically driving vehicle. 
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